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AIM
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is a common genetic disorder, affecting nearly 400 million individuals
worldwide. Whilst it is known that a number of drugs, foods and chemicals can trigger haemolysis in G6PD deficient individuals,
the association between herbal and dietary supplements and haemolysis is less clear. The objective of this study was to evaluate
the association between herbal or dietary supplements and adverse events in G6PD deficient individuals.

METHODS
We searched 14 electronic databases from their inception until November 2015 for articles describing the use of herbal or dietary
supplements in G6PD deficient individuals. Additional publications were identified from manually searching textbooks,
conference abstracts and the grey literature. All study designs were included as long as they contained clinical information. These
gathered findings were summarized narratively.

RESULTS
Thirty-two publications met inclusion criteria. These reported on 10 herbal and dietary supplements. Overall evidence linking
haemolysis to a herbal/dietary supplement was only found for henna. No evidence of harm was observed for vitamin C, vitamin E,
vitamin K, Gingko biloba and α-lipoic acid.

CONCLUSIONS
The review showed that there was insufficient evidence to contravene the use of most herbal or dietary products at therapeutic
doses in G6PD deficient subjects.
Introduction
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is a
common inherited disorder, affecting nearly 400 million in-
dividuals worldwide [1]. It is characterized by an enzyme
DOI:10.1111/bcp.12976
defect that plays an important role in preserving erythrocyte
integrity against oxidative stress and damage [2]. This predis-
poses G6PD deficient individuals to haemolysis when exposed
to certain triggers such as fava beans and oxidant drugs. While
most haemolytic attacks are generally self-limiting, they may
© 2016 The British Pharmacological Society
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sometimes result in an increase of bilirubin levels that leads to
kernicterus in infants or haemoglubinuria with acute renal
failure in adults [3].

The effective management of G6PD deficient individuals
includes educating patient and care providers about the
known triggers that may increase the risk of haemolysis. Most
reviews have largely focused on drugs to be avoided in G6PD
deficiency [4, 5]. Similarly, several reviews have suggested
that certain foods are known to trigger haemolysis, including
legumes, especially fava beans, as well as green tea and its
extracts. However, there is scarcity of any evidence that aims
to outline the potential of herbs or dietary products in wors-
ening the condition of G6PD deficient patients. In this study,
we conducted a systematic review to identify and collate
evidence on herbal or dietary supplements that should be
avoided by G6PD deficient individuals. This is particularly
important in a contemporary environment characterized by
the widespread use of such supplements.
Methods

Literature search
We searched for publications that examined the use of die-
tary or herbal supplements in G6PD-deficiency. A supplement
was defined as any vitamin, mineral, herb or botanical,
amino acid, concentrate, metabolite or extract [6]. We
searched 14 electronic databases from inception until No-
vember 30 2015. We manually searched the reference lists
of retrieved articles, textbooks and conference abstracts. We
did not restrict the search by language and obtained full-text
translation as required. Original articles of all study designs
(clinical trials, cohort studies, case–control studies, case series
and case reports) were included as long as they reported
clinical information regarding harm. Keywords used
included glucose-6-phosphate deficiency, adverse events, side
effects, haemolysis, herbal medicine, dietary supplements and
alternative medicine. The summary of the protocol can be
found on PROSPERO (CRD42016032724).

Two authors (SWHL and NML) screened the title and
abstracts using a standardized data extraction form. Publica-
tions were further evaluated if they contained original data
involving herbal or dietary supplement(s) and reported an
outcome of interest such as haemolysis, jaundice, kernicterus
or hyperbilirubinaemia in humans. Data abstracted included
the exposure period, history of previous exposure to a similar
substance, re-challenge test, any laboratory findings, factors
affecting the G6PD deficient subjectˈs pharmacokinetic or
pharmacodynamic response and the authorsˈ conclusions.
Assessment of outcome, causation and
quality of evidence

Outcome classifications
Outcomes were classified as major or minor. Major outcomes
were death, major life-threatening bleeding or bleeding
requiring hospitalization. Minor outcomes were defined as
no change in clinical status or status requiring monitoring.
Criteria for the assessment of causation
We used criteria adapted from the World Health
Organization-Uppsala Monitoring Centre causality catego-
ries [7], namely temporal association, risk of bias by other
outcomes, prior exposure and outcome objectivity. Causation
probability was classed as highly probable, probable, possible or
highly improbable. The list of herbal or dietary supplements
identified was subsequently classified into one of the three
groups as proposed by Youngster and colleagues [4] as follow:

• Herbs/dietary products that should be avoided in patients with
G6PD deficiency. These included compounds with a well-
established association with haemolysis as evidenced by case
reports and laboratory and clinical studies.

• Herbs/dietary products that should be consumed with caution
by G6PD deficient patients. These included all compounds
that were mentioned by any author or source as causing
haemolysis, but insufficient evidence existed to implicate or
exclude the administration as the cause of haemolytic
anaemia.

• Herbs/dietary products where there was no evidence to con-
travene their use by G6PD deficient patients.

Results
The search identified 5511unique publications, of which 176
were evaluated as relevant. Of these, 32 publications contain-
ing original data on food or herbal use in G6PD deficient
individuals met the inclusion criteria (Figure 1). These publi-
cations included five controlled studies, 18 case reports
and nine case series and involved 10 dietary or herbal
substances (Table 1, 2). Most of the adverse events reported
were classified as major, with most patients reporting
haemolysis requiring hospitalization and even death in four
studies [8–11]. However, there was very low certainty for the
evidence for harm. This may be due to reporting bias, as most
of the data were based on case reports, in which only major
events were likely to be reported. A discussion of individual
substances is presented below.
Henna (Lawsonia inermis)
Henna is a dye derived from the dried leaves of the flowering
plant Lawsonia inermis [12]. The dye principally contains 2-
hydroxy-1, 4-napthoquinone, but also flavonoids and ste-
roids. Henna continues to be widely used in Africa, Asia and
the Middle East, to colour or adorn the skin, nails and hair.
Its use is often associated with religio-cultural events, includ-
ing marriage.

Reports of haemolysis with the topical use of henna have
been reported [8, 13–17]. Raupp et al. presented four cases of
G6PD deficient individuals who experienced haemolytic
crisis following topical henna application. Acute renal failure
occurred in one case and the patient died after 2 days of
admission [8]. In another study by Kandil and colleagues,
the authors reported 15 G6PD deficient individuals who were
admitted due to acute haemolysis after 24–72 h post-henna
application [13]. Other authors have also reported similar fea-
tures after application of henna. Taken together, existing data
reviewed showed that henna could increase the risk of
haemolysis in infants and children with G6PD deficiency.
Br J Clin Pharmacol (2017) 83 172–179 173



Figure 1
Flow diagram of study search
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Ascorbic acid (vitamin C)
Four case reports described episodes of haemolysis in
G6PD-deficient individuals following use of high doses
of 3 and 40 g ascorbic acid daily [10, 18, 20]. One case re-
port described the death of a 68-year-old black male who
was given 80 g of ascorbic acid intravenously for burns
[10]. In another report by Mehta and colleagues, the au-
thors reported two boys in India who developed acute
haemolysis after a ‘binge of fizzy drinks’ containing 4–
6 g of ascorbic acid [18]. The third report concerned a
G6PD deficient individual with a history of HIV and ma-
laria [19]. He was given a course of multivitamins, essen-
tial fatty acids, glutathione supplements as well as a
course of high dose intravenous antibiotics, 40 g three
times weekly supplemented by 20–40 g of oral ascorbic
acid daily. Acute haemolysis developed after a dose of
80 g intravenously. Our review found that at therapeutic
doses, there is little evidence to preclude the use of vita-
min C in G6PD deficient patients.
Vitamin E
Similar to vitamin C, vitamin E is a natural antioxidant
which acts to protect cells from lysis induced by oxidative
stress. Several studies have demonstrated that vitamin E
deficiency can contribute to shortened red cell survival
174 Br J Clin Pharmacol (2017) 83 172–179
[21, 22]. Seven studies examined the effects of vitamin E
supplementation in G6PD deficient individuals [22–28].
Five of these studies indicated that high doses of vitamin
E could reduce the rate of haemolysis in G6PD deficient
patients [22–24, 27, 28]. Conversely, no changes in hae-
matological status were reported in two other studies
[25, 26]. While the role of vitamin E on chronic
haemolysis in G6PD deficient individuals remains contra-
dictory, all seven studies reported no adverse effects with
oral supplementation of vitamin E between 400 iu to
2400 iu daily. Results of these studies suggest that vitamin
E is safe to be consumed at doses of up to 800 iu daily.
Vitamin K
Vitamin K is a fat soluble vitamin with a key role in the syn-
thesis of clotting factors. As vitamin K may decrease glutathi-
one concentrations in normal infant erythrocytes, it is
suggested that it may trigger haemolysis in G6PD deficient in-
fants [29]. Three publications provided limited evidence of
harm with use of vitamin K in G6PD deficient subjects [11,
30, 31]. In one of the few randomized controlled studies
found in this review, Capps et al.; randomized patients to re-
ceive vitamin K or no treatment. Of the 30 G6PD deficient ne-
onates, only four treated with vitamin K and two with no
treatment became jaundiced. In the other report by Dhillon



Table 1
Summary of key adverse events reported

Herbal supplement:
common name Number of studies Adverse effect Number of case(s)

Causality
(number of studies)

Lawsonia inermis, Henna 1 Death 1 Possible (1)

5 Haemolysis 20 Probable(5)

Possible(1)

Ayurvedic medicine,
Acalypha indica

4 Haemolysis 12 Possible (4)

Ayurvedic medicine, Mentat 1 Haemolysis 1 Highly improbable (1)

Ayurvedic medicine,
unspecified

1 Haemolysis 1 Highly improbable (1)

Traditional Chinese medicine, Coptis chinensis 1 Death 1 Possible (1)

1 Hyperbilirubinaemia 1 Possible (1)

Traditional Chinese medicine,
unspecified

1 Haemolysis 3 Possible (1)

Ascorbic acid, vitamin C 1 Death 1 Possible (1)

3 Haemolytic anaemia 4 Possible (3)

Vitamin K 1 Death 1 Possible (1)

2 Haemolytic anaemia 5 Possible (1)

Highly improbable (1)

1 Jaundice 1 Possible (1)

Gingko biloba 1 Haemolytic anaemia 1 Highly improbable (1)

Adverse effects of herbal or dietary supplements in G6PD deficient patients
et al. [11], vitamin K could not be ascertained to be the cause
of all three cases reported. Taking into account the scarcity
of reports and widespread use of vitamin K after birth among
infants, it is likely that vitamin K can be administered safely
to G6PD deficient individuals.

Gingko biloba
Gingko biloba is a commonly used phytomedicine and claims
have been made for improvement in cognitive performance,
prevention of Alzheimerˈs disease and vascular dementia.
Gingko is generally well tolerated, but can increase the risk
of bleeding if used combination with warfarin, antiplatelet
agents or in subjects with G6PD deficiency [32]. One case re-
port discussed a 55-year-old woman with a history of hyper-
tension and dementia [33], who was given a 17.5 mg
injection of Gingko biloba leaf extract to improve her memory
and subsequently developed jaundice. Cessation of therapy
improved her condition and she was discharged 5 days later.
Taking into consideration the widespread use of this supple-
ment and paucity of reports, it is highly improbable that
Gingko can lead to haemolysis in G6PD deficiency.

α-lipoic acid
α-lipoic acid (LA) is a naturally occurring thiol compound
which has potent antioxidant activities. Studies have demon-
strated that LA can act to restore intracellular gluthathoine
and thus benefit G6PD deficient individuals. One study
examined how LA supplementation regulated the antioxidant
capacity in eight G6PD deficient adults and found no adverse
events at doses of 600 mg day-1 over a period of 28 days [34].
The authors concluded that LA supplementationmaybe benefi-
cial in G6PD deficient individuals due to its antioxidant capac-
ity and ability to modulate the blood redox status.

Ayurvedic medicine
Ayurvedic medicine is a form of Indian folk medicine which
promotes universal connectedness and life forces. Practitioners
often individualize treatment and include various compounds
and herbs in their treatment. Two studies reported haemolysis
following the administration of Ayurvedic medicine in G6PD
deficient patients [35, 36]. One study described the harm
associated with the use of Mentat, a traditional remedy
containing 26 different herbs advocated for enhancingmemory.
A previously healthy 21-year-oldmale had taken aMentat tablet
twice daily for his incoming examinations for the past 3 days
when he complained of dark coloured urine. He subsequently
developed jaundice and acute renal failure [35]. The supplement
was discontinued and he recovered after 28 days.

Acalypha indica
Acalypha indica is a weed found in various parts of Asia, and
widely used in Ayurveda for its claimed anti-inflammatory,
antimicrobial and antitussive effects [37]. Sellahewa first
described Acalypha indica induced haemolysis in four patients
Br J Clin Pharmacol (2017) 83 172–179 175



Table 2
Forms used by consumers experiencing adverse effects

Herbal supplement
Botanical parts used,
where specified Dosage form Comments

Henna, Lawsonia
inermis

Leaves Crude extracts Contains 2-hydroxy-1, 4-napthoquinone,
which is chemically similar to 1,4
naphtoquinone, a metabolite of
naphthalene

Ayurvedic medicine,
Mentat

NA Tablet containing
26 herbs

No mechanism of haemolysis postulated

Ayurvedic medicine,
Acalypha indica

Leaves Herbal tonic extract Contains flavonoid, kaempherol, glycosides,
mauritianin, clitoria and nictiflorin which
has antioxidant activities

Ayurvedic medicine NA Solution containing
several agents including
Salix caprea

Salix caprea contains salicin, which is
metabolized to salicylic acid, an inducer
of haemolysis in G6PD deficient patients

Traditional Chinese
medicine, Coptis
chinensis

NA Herbal tonic Contains berberine, which can displace
bilirubin from albumin

Traditional Chinese
medicine,

NA Unknown No mechanism of haemolysis postulated

Ascorbic acid NA Fruit juice, injection Only occurs when consumed at high concentrations,
exceeding normal recommended daily allowance

Vitamin K NA Injection Vitamin K is thought to be a strong antioxidant

Gingko biloba Leaves Injection Use of gingko has been associated with haemorrhage
in adults

NA: Not available

S. W. H. Lee et al.
in Sri Lanka [38]. Since then, three other studies have similar
reported incidences of acute haemolysis after ingestion of
Acalypha indica [39–41]. In all cases, the authors suggested
that consumption of a broth containing Acalypha indica was
the cause of haemolysis. Nevertheless, the actual dose and
purity of these extracts were not reported. Indeed, toxicity
studies from laboratory studies using low to very high doses
of Acalypha indica extract in rats found it to be non-toxic to
major organs [42]. In view of these contradictory findings,
we suggest caution in the consumption of Acalypha indica.
Traditional Chinese medicines
TraditionalChinesemedicine (TCM) is a type of Easternmedicine
built upon the foundation of Chinese medical practice and in-
cludes herbal medicine, acupuncture, moxibustion, dietary ther-
apy, exercise and massage. TCM is widely use worldwide for
various ailments ranging from common cold to complex diseases
such as arthritis and metabolic diseases. Among Asians, Chinese
herbs are traditionally consumed by both the mother and child
immediately after delivery, potentially endangering the newborn.
We found only one study which reported haemolysis due to the
use of unspecifiedChineseherbalmedicine in three childrenwith
G6PD deficiency [43]. We found only one study which reported
haemolysis due to the use of unspecified Chinese herbal
medicine in three children with G6PD deficiency [43].
176 Br J Clin Pharmacol (2017) 83 172–179
Coptis chinensis
Coptis chinensis is a commonly used herb in TCM for the treat-
ment of various ailments including febrile illness as well as
hepatobiliary diseases [44]. It contains the alkaloid berberine,
which can increase bilirubin formation and thus increase the
risk of jaundice especially in infants. Two studies reported
death or severe hyperbilirubinaemia in infants with G6PD
deficiency following the administration of Coptis chinensis
in Singapore [9, 45]. However, another study by Lin and
colleagues in Guangxi, China which examined 62 G6PD
deficient neonates who were givenCoptis chinensis found that
it did not aggravate the incidence of jaundice [46]. Like all
reports of herbal medicines, the purity and actual doses were
never reported. In view of this, we suggest caution during the
consumption of Coptis chinensis.
Discussion

This review aims to provide an overview and critical evalua-
tion on the safety of herbal products in relation to their use
in G6PD deficient individuals. Most of the adverse events re-
ported were major in nature as they required hospitalization
or resulted in death. Nevertheless, we found that solid evi-
dence associating harm with any herbal/dietary product ex-
ists only for henna. Caution should be exercised while
consuming the herbal preparations such as Acalypha indica
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and Coptis chinensis as contradictory evidences exists. In the
remaining herbal/dietary products reviewed, there was no
evidence to contravene its use at therapeutic doses (Table 3).

The need for rigorous safety evaluation of herbs has always
been questioned, especially by those who equate ‘natural’ to
be equivalent to ‘safe’. In recent years, with the increasing recog-
nition of the role of herbal pharmacovigilance, increasing
reports have appeared describing the association of herbal/
dietary products with adverse events. The WHO Monitoring
Centre has reported that nearly 9000 reports of adverse events
over a 30 year period were associated with herbal medicines
[33, 34]. In light of this, supplementary studies to spontaneous
reporting are needed to establish causality to the herbal/dietary
product and better understand the magnitude of the risk
involved especially in special populations such as G6PD defi-
cient individuals.

Some methodological challenges were noted when
conducting this study. Firstly, most of the publications found
were primarily case reports and case series, from which it is
generally difficult to establish causality but areimportant for
assessing safety issues. In all studies especially those address-
ing herbal products, the actual dose of active ingredient,
source of origin, purity and chemical composition to exclude
the presence of contaminants are not reported. Similarly, the
lack of regulation of most herbal/dietary products makes the
treatment effect and even its adverse events very difficult to
measure. Most plants contain a complex mixture of terpenes,
alkaloids and other chemicals, which increase the risk of
adverse reactions. The existence of contaminants and
adulterants can also be pharmacologically active and thus
responsible for toxicity. For example, some herbal plants used
in Ayurvedic medicine have been known to contain heavy
metals such as arsenic and mercury [47].
Strength and limitations
The primary strength of the review is the broad search strat-
egy adopted, aiming at identifying and retrieving all available
published evidence. We systematically searched 14 databases
and all primary references available, to enhance the com-
pleteness of our search. We had not applied any language
Table 3
Herbal/dietary supplements which should be avoided, cautioned or
can be safely consumed by G6PD deficient individuals

Herbs/dietary
products that
should be
avoided by
G6PD deficient
individuals

Herbs/dietary
products in
which caution
should be exercised
during consumption

Herbs/dietary
products in
which there
is no evidence
to contravene
their use

Henna Acalypha indica Vitamin C

Coptis chinensis Vitamin E

Vitamin K

Gingko biloba

α-lipoic acid
restriction, which allowed us to gather the most updated
and relevant information from various journals since publi-
cation bias is opposite that of conventional medicine, that
is negative studies ares more likely to be published in well-
known journals and positive studies in foreign language
journals [48]. While we hoped to be able to make robust rec-
ommendations and to provide readers with a list of poten-
tially harmful herbal products or substances, we found
instead a wide knowledge gap in their safety.

This review has several important limitations. The lack of
systematic investigation and small reported sample sizes
made it difficult, if not impossible, to ascertain the potential
for true clinical interaction of any herbal product with
G6PD deficiency. Indeed, we found that there was a paucity
of evidence especially those related to TCM and Ayurvedic
medicine. Similarly, we could not perform a meta-analysis.
As such it is impossible to determine if the difference in re-
ported harm outcome is due to true pharmacological interac-
tion or due to more independent additive effects. While the
number of articles published in the literature is low, we be-
lieve that the real, clinical impact seen in these case reports
and case series highlights the significance of such results.

In the course of this study, we also found several review ar-
ticles that have addressed the issue concerning food which
needs to be avoided by G6PD deficient individuals. In an
article by Frank in 2005, the author advised against the
consumption of fava beans, since they are known to be one
of the precipitators of haemolysis for several decades [5].
Several other articles have made similar recommendations
pertaining to the consumption of fava beans, but fall short
in their listing of other food sources [49, 50]. While this is
out of the scope of this review, future studies should look into
systematically examining the possible list of foods that
should be avoided by patients with G6PD deficiency. Finally,
the under-reporting of adverse events especially associated
with herbal and dietary supplements is generally well docu-
mented and it is possible that such adverse events are more
prevalent than the current study shows.
Conclusion
In summary, we found that evidence linking haemolytic ef-
fects in G6PD deficient patients was found only for henna.
For most other herbal or dietary supplements, there is no ev-
idence to contravene their use at therapeutic doses in G6PD
deficient individuals.
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